Objective: To identify neurocognitive and sociodemographic variables that could be associated with clinical response to three modalities of treatment for depression, as well as variables that predicted superior response to one treatment over the others. Method: The present study derives from a research project in which depressed patients (n=272) received one of three treatments -long-term psychodynamic psychotherapy (n=90), fluoxetine therapy (n=91), or a combination thereof (n=91) -over a 24-month period. Results: Sociodemographic variables were not found to be predictive. Six predictive neurocognitive variables were identified: three prognostic variables related to working memory and abstract reasoning; one prescriptive variable related to working memory; and two variables found to be moderators.
Introduction
Psychodynamic psychotherapy, pharmacotherapy with fluoxetine, and a combination of psychotherapy and pharmacotherapy are all effective treatment methods for depression. 1, 2 Despite the efficacy of these methods in reducing depressive symptoms, the processes that mediate improvement in a treatment outcome are not clear.
Predictive variables are treatment outcome mediators. A predictive variable is a pretreatment variable that can influence treatment outcome or the natural history of a disease, and may therefore become a prognostic, prescriptive, and/or moderator variable. 3 A prognostic variable predicts outcome independently of the treatment being used, while a prescriptive variable anticipates different patterns of outcome between two or more types of treatment. 4 A moderator variable, by definition, has the ability to influence the magnitude and/or direction of the relationship between the dependent and independent variables being studied. 3 When two or more treatment modalities do not have significantly different impacts on the healing process and treatment outcome, an investigation may be necessary to identify the predictive variables that are capable of mediating the healing process, by identifying patients who improve more substantially than others do. These predictive variables can be prescriptive and/or prognostic. The identification of predictive variables promotes clinical gain for patients and mental health professionals alike, because it enables individual patients to receive the most efficacious treatment for their condition. In addition, predictive variables are likely to speed treatment decisions and improve cost-benefit aspects. Prognostic variables also help identify patients who are usually treatmentresistant, regardless of the treatment modality; this helps determine which patients need alternative therapeutic interventions.
One example of a predictive variable is therapeutic alliance (i.e., the relationship between a healthcare professional and a patient), as described in one study on psychodynamic psychotherapy 5 which found that changes in therapeutic alliance in early therapy predicted symptom change at the end of treatment. Similarly, other studies have shown that therapeutic alliance predicts improvements in symptoms. 6 Most studies focused on identifying response predictors have not compared different types of treatments for depression. An extensive literature review on response predictors is beyond the scope of this study, but we found a few studies that have produced notable results on predictors within one type of treatment for depression. [7] [8] [9] These studies reported that patient age did not interfere with clinical outcome in adults with depression treated with antidepressants. They also found that depression severity in inpatients was negatively associated with patient discharge, while physical health status and level of education were positively associated with discharge.
An important limitation in single-treatment studies seeking prediction variables is that they have little prescriptive potential. In assessing only one type of treatment, these studies offer information on the prognosis for the treatment studied but fail to discuss appropriate treatments for patients with different needs and characteristics. 10 Predictive analysis studies comparing two or more types of treatments of depression have identified important predictive variables. One study compared pharmacotherapy, cognitive psychotherapy, and placebo, and found that patients with more severe depression tended to have better responses to medication. 11 Thus, the prescriptive variable was severity of depression at the onset of treatment.
In another study that used the Beck Depression Inventory (BDI), authors found predictive variables among patient statements in the measure. 12 A close look at the findings revealed that BDI items pessimism and lack of energy helped identify patients who needed additional or alternative therapeutic methods.
Some studies have tried to associate patient sociodemographic variables with mood/anxiety disorders by comparing short-term therapy (STT) and long-term psychodynamic psychotherapy (LTPP). 13 Results suggested that married patients with high levels of education responded better to STT, while patients coming from single-parent homes and divorced patients responded better to LTPP or did not respond to either treatment.
In a prospective trial of 180 patients randomized to receive cognitive psychotherapy, antidepressant medication, or placebo, the authors identified prognostic variables (chronic depression, older age, and lower intelligence) and prescriptive variables (marriage, unemployment, and having experienced a greater number of recent life events). These findings showed that alternative treatments were beneficial to some patients, while cognitive psychotherapy was beneficial to others. 10 Until recently, only minor attention had been given to neurocognitive performance as a moderator of treatment outcome in studies on depression, 14 despite studies on the association between cognitive variables and depressive symptoms. 15, 16 Some authors have described the relevance of neurocognitive variables for predicting symptomatic improvement. 17 For instance, neurocognitive function at baseline was not predictive of symptom improvement in depression. 18 Although some speculate that cognition may mediate change in psychotherapy, 3 a definite statement that neurocognitive processes serve as mediators of therapeutic change would be premature, because researchers are only beginning to study the relationship between neurocognition and treatment outcome. For this reason, using neurocognitive variables as possible predictors is relevant for intervention research.
At present, the literature offers little evidence on which variables might serve as prescriptive, prognostic, and/or moderator variables in different treatments for depression. Furthermore, intrinsic problems in statistical analysis tend to complicate results and cast doubt on some existing conclusions. A contributing factor to these complications is that the statistical power associated with interaction effects between a predictive variable and a certain treatment group tends to be low. These complications have been noted in the standard statistical approaches for identifying predictive variables, 3,10 such as covariance analyses, multiple regressions, and logistic regression models. 19 In the present study, multilevel techniques were used to identify pretreatment variables that might be associated with the clinical response of outpatients with moderate depression. Use of multilevel model techniques (or mixed models) for analysis enables statisticians to make fewer statistical assumptions, producing more precise estimates and parameters, along with the ability to use all of the data collected at a given moment in time. 20 Potential predictor variables are viewed as belonging to two different potential predictor domains: sociodemographic and neurocognitive. Because of the high number of possible predictor variables in these domains, using multilevel model techniques for statistical analysis maximizes the odds of identifying response markers (i.e., prognostic, prescriptive, and/or moderator variables) without increasing the possibility that results would be due to chance.
After identifying predictive variables in this study, we reexamined each one to verify that all variables remained statistically significant as predictive of treatment outcome, given that all predictors had been tested simultaneously in the same final statistical model. This model followed recommendations presented in previous studies. 10 
Method

Design
The present study derives from a randomized clinical trial comparing LTPP, fluoxetine treatment (FLU), and a combination of the two (COM) in adult patients with moderate depression. Patients were assessed five times: at baseline and at 6, 12, 18, and 24 months of treatment. Independent researchers blinded to treatment allocation carried out the assessments. The full design and results of this project are described elsewhere. 21, 22 Participants Participants were adult outpatients treated in a psychiatric clinic (women, 62%; mean age, 30 years). The inclusion criteria were presence of major depressive disorder, according to the DSM-IV-TR criteria; moderate level of depressive symptoms (as measured by BDI); and provision of written informed consent. The exclusion criteria were DSM-IV-TR Axis I and II comorbidities (as assessed by the structured clinical interview for DSM disorders, SCID-I and II), suicide risk, use of other medications that influence mental functioning, severe somatic diseases, and contraindications for fluoxetine use. Patients who agreed to participate (n=272) were randomized into three treatment groups (LTPP, n=90; FLU, n=91; COM, n=91). There were no significant differences between groups regarding clinical and sociodemographic features at baseline.
Treatments
The model of LTPP used in this study was similar to one previously described and widely used. 23 LTPP was received once a week for 24 months. FLU was administered 20 mg/day for the first 2 weeks. Intake was evaluated and adjusted at bimonthly psychiatric appointments until an appropriate dosage was reached (up to 60 mg/day). Subsequently, patients went to monthly appointments, where they received the medication and treatment compliance was verified. Combined therapy included both LTPP and FLU received concomitantly by a given patient. No statistically significant differences were found for variables related to psychotherapists (women, n=16; men, n=8; mean duration of clinical experience, 11 years; mean age, 35 years) and psychiatrists (women, n=3; men, n=3; clinical experience, n=6 years; mean age, 31 years) in tests of variables between conditions.
Instruments and outcome measures
The outcome measure for depression was the BDI, 24 which has been validated for use in Brazil. 25 The BDI measures severity of depression and classifies results as minimal (score, 0-11), mild (score, [12] [13] [14] [15] [16] [17] [18] [19] , moderate (score, 20-35), or severe (score, 36-63).
The Wechsler Intelligence Scale for Adults, Third Edition (WAIS-III) was the main instrument used to assess neurocognitive function and intelligence. 26 This scale, which has been adapted and validated for Brazilian populations, 27 is used throughout Brazil and Latin America, but its successor (WAIS-IV) has not been validated in Brazil. The WAIS-III consists of 14 subtests that assess specific neurocognitive functions: Vocabulary, Similarities (SIM), Arithmetic, Digit span, Information, Comprehension, Letter-number sequencing (LNS), Picture completion, Digit-symbol coding (DSC), Block design, Matrix reasoning (MR), Picture arrangement, Symbol search, and Object assembly. We conducted a psychometric reliability study of the WAIS-III to ensure that results would be reliable in depressed patients. The results showed that all subtests of the WAIS-III had good levels of reliability. 28 The association between cognitive problems and depression has been reported in previous studies, 29 and confirmed by neuroimaging studies. 30 Some researchers believe that, in addition to monitoring neurocognitive functioning, the WAIS-III may be extremely useful in predicting clinical response to treatment. 15 
Potential predictors
Potential predictors of response to treatment were measured prior to randomization. Available variables were assigned to two different domains.
The first domain included sociodemographic data. The available variables measured were sex, age, marital status, and level of education.
The second domain included neurocognitive variables, assessed by the WAIS-III. Previous researchers have viewed cognitive variables as potential predictors, as evidence suggests that cognitive changes occur prior to clinical improvement in depressed patients. 31 The possibility exists that neurocognitive deficits precede the onset of depression symptoms, 15 and the pretreatment status of cognitive processes (e.g., abstract reasoning) is considered a possible mediator of therapeutic change in psychotherapy. 3 Therefore, each WAIS-III subtest was considered a variable. These are listed in Table 1 .
Statistical analysis
Mixed model analyses, commonly used for longitudinal data, are appropriate in evaluating the relationship between the dependent variable and time. Regression curves are adjusted for each subject, and regression coefficients are allowed to vary randomly among subjects. Because this variation occurs on intercepts and on slopes, we adjusted the random coefficient model (which arithmetically describes the relationship between observations and time). The growth curves of the groups consider the parameters of individual growth curves, as well as the average growth curve. 32 A diagonal covariance structure was used to shape the correlation between intercepts and slopes. All available data were analyzed under the intention-to-treat assumption. Maximum likelihood procedures were used for all models.
The first statistical analyses aimed to investigate the association between possible improvement predictive variables (prognostics, predictive, and/or moderators) over the 24-month study period. BDI results were analyzed using growth curve models (i.e., with the time measure used as a covariate), and subjects were set as random effects. Therefore, the BDI results and growth curve of each subject at the end of treatment were derived from a collection of that subject's specific parameters.
To identify relevant predictors, we considered three approaches proposed in earlier studies. 3, 4, 10 Interactions among treatment conditions (groups), time, and interest predictors were examined.
Prognostic variables were those in which the lowerorder term was statistically significant (i.e., representing only the main variable). In this study, treatment outcome depended on the score of this predictor, regardless of the treatment received by the subject.
Prescriptive variables were those in which the lowerorder term and the term representing the variable Â treatment interaction were significantly related to outcome. In this study, these variables indicated that different treatment effects were occurring (depending on the value of the variable in question).
Finally, moderator variables were those in which the lower-order term and the term representing the variable Â time interaction were statistically significant. This means that there were interactions with the linear time effect (i.e., over time, the BDI score depends on the variable value, as it indicates that some characteristic of this variable influences the magnitude and/or direction of the relationship between intervention and outcome).
A stepwise model was used within each domain. The first step was to verify whether the model that included all the variables of each domain was statistically significant.
The second step was to keep only those predictors significant at p o 0.20. The third step retained predictors with p o 0.10, while the fourth retained only those with p o 0.05. Once all predictive variables had been identified, they were entered into a final model containing all remaining significant predictors. Thus, the effects of each variable were tested again while simultaneously controlling for the others.
Results
Because the results of our stepwise analysis of the sociodemographic domain (first domain) did not reach statistical significance, this domain was removed from the predictor model.
The second domain included the neurocognitive variables defined on the basis of the subtests of the WAIS-III (see Table 1 ) and their interaction with time and treatment. Six significant predictors were identified: SIM, LNS, and MR as lower-order terms (i.e., prognostics); SIM Â Time and DSC Â Treatment as terms that moderate outcome; and LNS Â Treatment as a treatment-prescriptive term ( Table 2) .
For lower-order effects (variables without interactions), b estimates can be interpreted as representing changes in mean BDI scores for each unit of change in the predictor variable, controlling for all other predictors in the model. An isolated predictive term indicates only a main effect of the variable (i.e., the variable pretreatment value is associated with BDI mean scores in all periods). As the variable does not depend on group or time, it is considered prognostic.
On the other hand, when the term in question is statistically significant as a main term and the term variable Â time is also statistically significant, this means that there is an interaction of the term in question with the effect of time. In this case, the magnitude or direction of change in the BDI mean score over time depends on . For interaction terms with treatment, values indicate the difference between treatments in the magnitude of the effect in each point of measurement. For interaction terms with time, values indicate that the variable has a characteristic that influences the direction or strength of the relation between an intervention and the outcome. In this case, a significant predictor Â time interaction term suggests an interaction with the linear time effect, i.e., the speed of linear BDI change over time depends on the predictor value. * Prescriptive and prognostic predictors were qualified according to previous recommendations. 10 Moderators were qualified according to previous recommendations. 3 Rev Bras Psiquiatr. 2017;39 (1) Predictors of response in depression treatment the value of the interaction variable. The variable is then considered a moderator. Similarly, when the term interacts with treatment (variable Â treatment) but the main term is not statistically significant, the variable can also be considered a moderator, as this indicates that the term in question has a characteristic that causes a difference in the magnitude or direction of the relationship between outcome (dependent variable) and treatment (independent variable). Finally, when the term in question is statistically significant as the main term and interacts with treatment (variable Â treatment), it becomes a prescriptive variable. With regard to prognostic variables, higher baseline scores in SIM predicted higher BDI scores in all periods, whereas higher baseline scores in LNS and MR predicted lower BDI scores. More specifically, adding a single unit to the SIM baseline score each time yielded a 0.31 raise in BDI mean score each time it was measured. On the other hand, a one-unit increase in LNS and MR baseline scores was associated with a reduction of 1.17 and 0.47 in the BDI mean score, respectively, each time it was measured.
The LNS variable was considered treatment-prescriptive. Improvement differences in BDI scores when LTPP and COM were compared were not statistically significant. However, both treatments stood out significantly when compared to FLU. Patients with the same LNS baseline score responded better to LTPP and COM than to FLU.
Nevertheless, the SIM Â Time interaction showed that lower SIM baseline scores predicted smaller decreases in mean BDI scores over time, which did not depend on treatment but depended on time. The DSC Â Treatment interaction indicated that the direction of the relationship between the independent variable (treatment) and the dependent variable (BDI score) depended on the DSC variable. Higher baseline scores on the DSC were negatively associated with BDI scores in the FLU treatment. However, higher baseline DSC scores were positively associated with BDI scores in LTPP and COM. In other words, higher baseline DSC scores predicted lower BDI scores in patients who received FLU. In addition, higher baseline DSC scores predicted higher BDI scores in patients who had LTPP and COM. Therefore, the DSC variable moderated the direction of the relationship between treatment and outcome.
Final model with all significant predictors
Once identified, the prescriptive, prognostic, and/or moderator markers were simultaneously entered into a final model, so that the effect of each marker could be maintained while controlling for the effects of the other markers. As Table 2 shows, each effect remained statistically significant when all effects were covaried. Table 3 shows the final BDI mean scores for the variables SIM, LNS, and MR (lower-order terms) in five different baseline scores (i.e., sample mean, one and two SDs above the mean, and one and two SDs below the mean). This division in baseline score (above and below the mean) was carried out deliberately to demonstrate specific subgroup differences.
The variables LNS and DSC had a statistically significant interaction with treatment. Table 4 shows these variables in each treatment at different baseline scores, to illustrate the differences in within-and between-treatment subgroups.
A positive association was noted between SIM baseline scores and BDI scores. Each SIM unit above the baseline sample mean represented more BDI-measured symptoms at each time point of measurement. On the other hand, a negative association was noted between BDI scores and the variables LNS and MR at the end of treatment. Each LNS and MR point above the baseline sample mean was associated with less BDI points for each time it was measured.
Subjects with baseline LNS scores one SD below the mean did not reach the clinical cutoff point for treatment outcome, regardless of treatment modality. Therefore, low pretreatment LNS scores may be prognostic of poor treatment outcome. For instance, patients receiving FLU treatment would need to have very high LNS scores to achieve the BDI clinical cutoff point. This suggests that low LNS scores may contraindicate FLU alone for patients with moderate depression.
There were no statistically significant differences between LTPP and COM, but both were significantly different from FLU. Figure 1 shows differences between treatments in terms of final BDI mean scores associated with the LNS prescriptive variable, t 419 = 4.23, p o 0.001, Cohen's d = 1.4360.59 (95% confidence interval). As LNS baseline scores increased, participants in the LTPP and COM groups had significantly fewer BDI points at the end of treatment when compared to the participants in the FLU group. The final model, with three prognostic variables, one prescriptive variable, and two moderator variables, accounted for approximately 46% of the between-subject variance among treatments. This variance occurred in the final BDI mean scores and in the linear slope estimates.
Discussion
This study aimed to investigate outcome predictors for three different treatments for depression. The objective was to identify prognostic, prescriptive, and/or moderator variables that could help guide clinical protocols.
Although a number of studies on the association between cognitive variables and depressive symptoms have been published, 15, 16 we found no studies using neurocognitive markers (obtained from WAIS-III) as predictive variables when comparing different treatments. Three studies that used the WAIS-III in a long-term psychoanalytic psychotherapy context reported only testretest changes in patients and did not attempt to find predictive outcome variables. 16, 21, 33 In the present study, the sociodemographic domain did not result in statistically significant predictive variables (i.e., age, sex, marital status, and level of education). Some studies, however, identified age as a predictor of slower response to treatment, 7,26 while others found no association between age and treatment outcome. 7, 8 Level of education may be positively associated with treatment outcome. 9 Other examples of potential demographic predictors of treatment outcome include gender, marital Figure 1 Linear slope estimates for the LNS Â Treatment interaction. The slope of a line is the ratio of the change in y over the change in x. This is also known as ''rise over run,'' i.e., the slope or gradient of a line describes its steepness, incline, or grade. A higher slope value indicates a steeper incline. Slope is normally described by the ratio of the ''rise'' divided by the ''run'' between two points on a line. BDI = Beck Depression Inventory; COM = combined therapy; FLU = fluoxetine treatment; LTPP = long-term psychodynamic psychotherapy.
Rev Bras Psiquiatr. 2017;39 (1) Predictors of response in depression treatment status, family history of treatment response, and socioeconomic level. 34 It is worth noting that the sample of patients for this study was very homogeneous in terms of sociodemographic and clinical profiles, which constitutes a definite limitation of this study, and that this homogeneity may have contributed to the lack of statistical significance in the sociodemographic domain. Participants were mostly young women with good socioeconomic level and educational attainment, who tended to adapt to psychotherapy more easily. 35 The possibility exists that other patients (i.e., older women or men and women with a lower social and education levels) might have difficulty adapting to psychotherapy or other long-term treatments. This discrepancy in adaptation to long-term treatment would reduce the external validity of our results. Homogeneous samples generally are not representative of the huge variety of outpatients. The antithesis between external and internal validity of data has been widely discussed. 36 In this study, most participants had a moderate level of depression (as measured by the BDI). Two studies have shown a correlation between severity of depression and treatment outcome. 9, 11 This finding appears to be more likely when a wider range of patients with depression is evaluated. Predictors for treatment outcome include symptoms, patient treatment preference, early life stress, personality characteristics, and previous treatment.
With regard to neurocognitive variables with prognostic features, higher LNS baseline scores (which are associated with working memory and attention) predicted lower BDI results at outcome. Two studies have associated working memory function with depression treatment outcome. 14, 17 Similarly, it has been reported that lower attention predicts poorer response to depression treatment. 37 These findings suggest that patients who are less impaired in functions such as working memory and attention have a better prognosis, regardless of the type of treatment they are receiving.
Another prognostic variable is abstract reasoning (MR), which some researchers believe may be important in clinical improvement. 3 The MR subtest, however, demands special consideration. Some studies have associated the results of this test at least partially with performance in tests that assess executive functioning, 38 such as the Wisconsin Card Sorting Test. Poor executive functioning tends to lead to a poor prognosis in patients with depression. In sum, better baseline performance in executive functions suggest better treatment outcomes.
These findings are consistent with those of the present study, and appear to support the idea that executive functioning and working memory are related to treatment outcome in patients with moderate depression. Likewise, according to evidence showing an association between neuropsychological abnormalities and alterations on functional neuroimaging, 39 data from the present study suggest an association between the frontotemporal circuitry of the brain and treatment outcomes in depression.
Neuroimaging studies corroborate this association, identifying other brain regions that are potentially involved in clinical improvement mechanisms. Changes in the prefrontal limbic region in patients with depression 15 months after LTPP, 40 as well as changes in some cortical regions (prefrontal, anterior cingulate, and insula), may be considered biological markers for treatment response and predictors of treatment outcome in patients with depression. 41 A higher baseline score in verbal abstract reasoning (SIM) was considered a prognostic predictor of slightly higher BDI scores with time. SIM is also considered an excellent test for general mental ability. 26 A possible interpretation is that a subject's level of verbal abstract reasoning may act upon his or her interpretations of BDI statements and, consequently, upon the choice of statement to be checked in the scale. Hypothetically, depressed subjects with higher levels of verbal abstract reasoning tend to be more pessimistic when choosing BDI statements, tending to score slightly higher, regardless of the treatment they are receiving. This hypothesis is supported by consistent findings showing that clinical depression is followed by negative alterations in perceptive content, which could cause negative thoughts, considerations, and judgments. 42 Findings such as this may indicate a very limited prognostic effect of the SIM variable and must be interpreted with caution. At one time, SIM was also considered an outcome moderator due to its interaction with the time variable, suggesting that some characteristic of this variable actually may interfere with outcome. Further studies must be carried out with the cognitive construct verbal abstract reasoning in patients with depression in order to clarify the time variable's possible interference with outcome, as it could be an anomalous finding in the context of so many predictors.
DSC is another moderator variable that is usually associated with processing speed and working memory. This variable apparently has characteristics that alter the direction of the relationship between the independent (treatments) and dependent (BDI score) variables, indicating a trend of different patterns of response in the three treatments compared. In the LTPP and COM groups, the DSC variable apparently moderated a positive relationship, whereas in the FLU group, that relationship was negative. These data suggest that differences within treatment processes may be involved.
Regarding the prescriptive variable LNS, linear slopes indicated that LTTP and COM were more clinically efficient than FLU in patients with a higher capacity of working memory and attention. Other studies have pointed out that combined treatments tend to be more effective than FLU alone in patients with mild to moderate depression. 43 We found no data on working memory capacity and its interaction with LTPP. This gap caused some LTPP findings in this study to appear relatively obscure. Secondary analyses dividing the FLU group into treatment responders and non-responders should help clarify this.
Many factors that can influence patients' cognition have been emphasized in the literature: everyday experiences, physiology, psychological alterations, and cultural factors. Understanding the underlying mechanisms of therapeutic change can provide inputs for enhancement of clinical treatment results. 44 The lack of answers regarding fundamental questions on how treatments trigger clinical changes in patients precludes many patients from receiving the benefits of more adequate treatments for their individual profiles. 3 In addition, an individual's neurocognitive profile may be a marker of prognostic and prescriptive criteria for the treatment of depression. The results of the present study should be considered cautiously because of the possible presence of multiple predictor variables. Furthermore, identification of predictive (prognostic, prescriptive, and/or moderator) effects may provide more information for creating better tools for clinical decision-making. Understanding treatment moderators is key to choosing appropriate treatments and guiding clinical practice. Further studies are strongly suggested.
Finally, some of the limitations to this study have been reported elsewhere. 21, 22 Because of the sample homogeneity, our findings are applicable to only a particular profile of outpatients -i.e., those diagnosed with moderate depression and treated for 24 months with the therapies used in this study. Other patients or treatments could result in different predictive variables. Another limitation is that the selection of possible variables used here was made among variables that were readily available. Inclusion of other variables could also alter results of the analyses employed.
